Five ethanol extracts of wild plants from the Casablanca region (Morocco) used in local traditional medicine for the treatment of inflammatory diseases were evaluated for their in vivo topical anti-inflammatory activity (inhibition of carrageenan-induced ear edema in mice) and in vitro antioxidant and antiradical properties (inhibition of linoleic acid oxidation, DPPH radical scavenging). All the extracts showed an anti-inflammatory effect: 300 µg/cm 2 provoked edema reductions ranging from 22 to 28%. All the extracts also exerted radical scavenging and/or antioxidant properties, the most active plant being Mentha pulegium L. (Lamiaceae), which contained the highest amount of phenolics (339 mg/g), and flavonoids (16.7 mg/g).
It is commonly accepted that in a situation of oxidative stress, reactive oxygen species (ROS) such as superoxide (O 2-, OOH), hydroxyl (OH) and peroxyl (ROO) radicals are generated. The ROS contribute to the pathogenesis of many diseases (the evidence is particularly strong for radiation poisoning and hyperoxic injury), and perhaps also to aging via the oxidative damage that it inflicts on cells [1] . The use of traditional medicine is widespread and plants still represent a large source of natural antioxidants that might serve as leads for the development of novel drugs. Several anti-inflammatory, digestive, anti-necrotic, neuroprotective, and hepatoprotective drugs have recently been shown to have an antioxidant and/or radical scavenging mechanism as part of their activity [2, 3] . Epidemiological and experimental studies reveal a negative correlation between the consumption of diets rich in fruit and vegetables and the risks of chronic diseases, such as cardiovascular diseases, arthritis, chronic inflammation and cancers; these physiological functions of fruits and vegetables may be partly attributed to their abundance of phenolics. There has, therefore, been a growing interest in phenolic components of fruits and vegetables that may promote human health and lower the risk of disease. Recent studies have focused on health functions of phenols, including flavonoids from fruits and vegetables [4] . This paper reports the results of a preliminary screening of some Moroccan plants (Allium subvillosum L., Androcymbium gramineum (Cav.) Mc Bride, Dipcadi serotinum (L.) Medik, Mentha pulegium (L.) and Romulea bifrons Pau. All these are indigenous to the area of Chaouïa (a territory characterized by different vegetation) [5] . Plants selected for this study were chosen because of their use in local traditional medicine for the treatment of external inflammation and inflammationrelated diseases, such as rheumatism. Information on the traditional uses of these plants was collected through structured interviews for a comparison of the folk information and experimental data [6] . In this work, extracts obtained from each of the listed species were studied to assess their in vivo anti-inflammatory activity, which, to the best of our knowledge, has not been reported before for these plants. Moreover, considering that antioxidants and free radical scavengers can exert an anti-inflammatory effect [7] , these extracts were evaluated also for these activities.
The results for the free radical scavenging activity of the different extracts are shown in Table 1 . The preparations were able to reduce the stable free radical DPPH to the yellow-colored 1, 1-diphenyl-2 picrylhydrazyl. The best free radical (DPPH) scavenging activity was exerted by Mentha pulegium extract (IC 50 = 31 µg/mL), and the lowest by Allium subvillosum (IC 50 = 609 µg/mL). As a reference, the IC 50 value of ascorbic acid was 2 µg/mL.
In the β-carotene bleaching test (after 30 min incubation) the Androcymbium gramineum and Dipcadi serotinum extracts showed the highest inhibition of linoleic acid oxidation (IC 50 = 9 and 2 µg/mL, respectively). The lowest activity was exhibited by Romulea bifrons extract (IC 50 =57 µg/mL). The antioxidant activity of the extracts decreased with reaction time, and, after 60 min incubation, the IC 50 values of the most active ones (Androcymbium gramineum and Dipcadi serotinum) were16 and 4 µg/mL, respectively, whereas the IC 50 value of Romulea bifrons NPC Natural Product Communications 2011 Vol. 6 No. 10 1441 -1444 --1 ± 0.01 1 ± 0.01 a ± S.E.M. (n=3). b Ascorbic acid and propyl gallate were used as positive control. extract was >100 µg/mL. The results for the topical antiinflammatory activity of the plant extracts, administered at a dose of 300 µg/cm 2 , are reported in Table 2 . All the extracts reduced the edematous response to a certain extent. The most active was Mentha pulegium extract, which induced 28% edema inhibition. The other plant extracts induced edema inhibitions between 25 and 22%. As a reference, the non-steroidal anti-inflammatory drug indomethacin reduced the edematous response by 59% at a dose of 100 µg/cm 2 . Table 3 reports the results of the total phenolic and total flavonoids analyses. The amounts of total phenols varied widely in the different extracts analyzed, ranging from 28 to 339 mg/g of extract. This variation can be expected for plant extracts due to the presence of other constituents and/or the presence of different types of phenols. Among the plant extracts, M. pulegium contained the highest amount of phenolic (339 mg/g) compounds, followed by Allium subvillosum (112 mg/g), Androcymbium gramineum (96 mg/g), whereas the lowest level was found in Dipcadi serotinum and Romulea bifrons (65 and 28 mg/g, respectively). Mentha pulegium extract contained the highest amount of flavonoids (16.75 mg/g), whereas the lowest level was found in Dipcadi serotinum (2.34 mg/g).
Recent studies have shown that many flavonoids and related polyphenols contribute significantly to the total antioxidant activity of many fruits and vegetables [8] . However, in general, we have found no correlation between antioxidant activity and total phenol/flavonoid content as determined by the square regression coefficient (r 2 = 0.34). Some plants have high phenol/flavonoid contents but low antioxidant activity.
In our study, we found that the most abundant class of phenolic / flavonoid compounds was anthocyanins in the extracts of Androcymbium gramineum, Dipcadi serotinum and Romulea bifrons, but flavonoids in Allium subvillosum and Mentha pulegium, in glycosylated form [9] . The data presented in this study demonstrate that almost all the reported species possess antioxidant and free radical scavenging activity. Indeed, their hydroethanolic extracts inhibited linoleic acid oxidation and/or scavenged DPPH radicals in vitro. They showed different behaviors in the three in vitro assays, probably due to the different mechanisms involved in the steps of the oxidation process. The effect of antioxidants on DPPH radical scavenging was thought to be due to their hydrogen-donating ability.
The observed in vitro activities suggest that the investigated plant extracts could exert protective effects in vivo against oxidative and free radical injuries occurring under different pathological conditions. In this respect, the most promising species appears to be Mentha pulegium, which is used by the local people against arthritic diseases, the activity of which is at least partly attributed to ROS [10, 11] . Previous studies showed that Mentha extracts appeared to be able to prevent hypoglycemia and hypotension, and have antirheumatic properties [6, 10] .
Velioglu et al. [12] reported a high correlation between total phenolic content and antioxidant activity in selected fruits, vegetables and grain products, but no correlation was observed by Kähkönen et al. [13] in some plant extracts containing phenolic compounds.
In this study, the findings do not show any relationship between antioxidant activity and total phenolic content. Of the extracts analyzed, only that of Mentha pulegium showed a significant total phenolic content along with radical scavenging and antioxidant activities. In addition, extracts with higher radical scavenging and antioxidant activities did not show a high phenolic content. The relatively high antioxidant and free radical scavenger activity of extracts containing low phenolic content suggests that the type of phenol is determinant for these activities rather than their amounts.
Our results are comparable with those of Kähkönen et al. and Shahidi and Marian [13, 14] , who reported that differences in antioxidant activities of plant extracts could be due to different qualitative and quantitative compositions of their phenolic constituents, from phenolic acids to flavonoids and their derivatives. For instance, the antioxidant activities of phenolic acids and their derivatives, such as esters, depend on the number of hydroxy groups in the molecules [15] . The obtained data reveal that all the reported species possess topical anti-
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Natural Product Communications Vol. 6 (10) 2011 1443 inflammatory properties, since their extracts inhibited Croton oil-induced ear edema in mice. This activity could be due to the presence of antioxidants, according to previous studies [7] . The ethnobotanical enquiry revealed that the studied species are used in local folk medicine against either inflammatory-based diseases or related conditions, such as rheumatism [16, 17] . The obtained results support the validity of the traditional uses of these species against inflammatory disorders. One of the species under study, Androcymbium gramineum, is reported to contain small amounts of toxic pyrrolizidine alkaloids [9] . Therefore, excessive or prolonged use of this plant should be avoided even if its content of toxic principles is low.
Experimental
Plant material: The different botanical taxa studied in this work are shown in Table 5 . Field data were collected from November 2008 to March 2009 around Casablanca. The most useful information came from old people, since most of the young interviewed did not know anything about this aspect of local traditions. 
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Preparation of samples: The plant material was air dried at room temperature, cut into small pieces, and then extracted with 70% aqueous EtOH by maceration (48 h x 3) at room temperature. The resultant total extracts were dried under reduced pressure to determine the weights.
Determination of total phenolic content:
The total phenolic content was estimated by the Folin-Ciocalteu reagent, with chlorogenic acid as standard [18] . Fifty mg of each extract was weighed into a 50 mL plastic extraction tube and vortexed with 25 mL of extraction solvent (40 mL acetone: 40 mL methanol: 20 mL water: 0.1 mL acetic acid). Then, the samples were heated at 60°C (water bath) for 1 h, allowed to cool to room temperature, and homogenized for 30 s with a sonicator. Two hundred μL (3 replicates) were introduced into screw cap test tubes; 1.0 mL of Folin-Ciocalteu's reagent and 1.0 mL of sodium carbonate solution (7.5%) were added. The tubes were vortexed and allowed to stand for 2 h, and the total phenolic content was expressed as mg of chlorogenic acid equivalents per g dry material.
Determination of total flavonoid content: Total flavonoid was estimated in the plant extracts using a colorimetric method based on the formation of a flavonoid-aluminum complex having an absorptivity maximum at 430 nm [19] . All determinations were made in triplicate and values were calculated from a calibration curve obtained with quercetin. Final results were expressed as mg of quercetin equivalent per g dry weight.
DPPH radical scavenging activity: This experimental procedure was adapted from Wang et al. [20] . In an ethanol solution of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical, test extracts at different concentrations (100 µg/mL to 500 µg/mL) were added. Absorbance at 517 nm was measured after 30 min. The percentage of inhibition was calculated using the equation: Inhibition = [(A0-Ai)/A0] ×100, where A0 is the absorbance of the control and Ai is the absorbance of the samples. IC 50 values were estimated using a nonlinear regression algorithm. Ascorbic acid was used as a positive control.
β-Carotene bleaching test:
Antioxidant activity was determined using a β-carotene bleaching test [21] . Briefly, 1 mL of β-carotene solution (0.2 mg/mL in chloroform) was added to 0.02 mL of linoleic acid and 0.2 mL of 100% Tween 20. The mixture was then evaporated at 40°C for 10 min by means of a rotary evaporator to remove chloroform and immediately diluted with 100 mL of distilled water. Five mL of the emulsion was transferred into different test tubes containing 0.2 mL of samples in 70% ethanol at different concentrations (100, 50, 25, 10, 5 and 1 µg/mL). A volume of 0.2 mL of 70% ethanol in 5 mL of the above emulsion was used as control. Standard (propyl gallate) at the same concentration as samples was used for comparison. The antioxidant activity (AA) was measured in terms of successful bleaching β-carotene by using the following equation:
Where A0 and A0° are the absorbance values measured at the initial incubation time for samples/standard and control, respectively, while At and At are the absorbance values measured in the samples/standard and control, respectively, at t = 30 and 60 min.
Topical anti-inflammatory activity:
The topical antiinflammatory activity was evaluated as inhibition of carrageenan-induced ear edema in mice [22] . Experimental animals were furnished by the National Centre of Hygiene. These male and female mice, weighing between 24 and 30 g, were an outbred strain selected from strain CF1 (Carworth Farms Strain 1). The denomination given was OF1 (Oncins France Souche 1). All animals were kept for 1 week before the experiment, under constant conditions of temperature (21±1°C) and humidity (60-70%), and a fixed artificial light cycle (07.00-19.00 h). Inflammation was induced in the late morning (10.00-12.00 h).
Experimental protocol:
The study was conducted on 20 mice (10 males and 10 females), divided into 2 lots (test and control), each of 10 mice, 5 females and five males. The first lot (control animals) received only the irritant (carrageenan solution), whereas the other animals received the irritant together with the tested substances (the test substance dissolved in the solution of carrageenan). At the maximum of the edematous response, 5 h later, mice were sacrificed and a plug (Ø 6 mm) was removed from both the treated (right) and the untreated (left) ears. Edema was measured as the weight difference between the 2 plugs. The anti-inflammatory activity was expressed as the percentage of edema reduction in the treated compared with the control mice.
Statistical analysis: Data were expressed as means ± S.E. Statistical analysis was performed using Student's t-test or by one-way analysis of variance, followed by Dunnett's test for multiple comparisons of unpaired data. Differences were considered significant at P < 0.05. The inhibitory concentration 50% (IC 50 ) was calculated from the Prism dose-response curve (statistical program) obtained by plotting the percentage of inhibition versus the concentrations.
